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 Electron Neutrino and Antineutrino Appearance
 Review of previous results

 Updated antineutrino appearance results

 Muon Neutrino and Antineutrino Disappearance
 Review of previous results

 New MiniBooNE/SciBooNE joint analysis



LSND Saw an excess of e :

87.9 ± 22.4 ± 6.0 events.

With an oscillation probability of 

(0.264 ± 0.067 ± 0.045)%.

3.8 s evidence for oscillation.
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The three oscillation signals 

cannot be reconciled without 

introducing Beyond Standard 

Model Physics!



Keep L/E same as LSND 
while changing systematics, energy & event signature

P(
m


e
)= sin22q sin2(1.27Dm2L/E) 

Booster

K+

target and horn detectordirt decay region absorber

primary beam tertiary beamsecondary beam

(protons) (mesons) (neutrinos)

p+ m   e ???

LSND:           E ~ 30 MeV

MiniBooNE:   E ~ 500 MeV

L ~ 30 m        L/E ~ 1

L ~ 500 m      L/E ~ 1          

MiniBooNE was designed to test the LSND signal 

Neutrino mode: search for νμ -> νe appearance with 6.5E20 POT  assumes CP/CPT conservation

Antineutrino mode: search for νμ -> νe appearance with 8.58E20 POT  direct test of LSND

 Two neutrino fits

FNAL

FNAL has done a great job delivering beam!

818 ton mineral oil

1280 PMTs inner region

240 PMTs veto region
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Reduces 
uncertainty.

reduces uncertainty.

(accepted by Phys. Rev. D)
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search
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0p

Antineutrino Mode Low Energy Excess: How does it scale
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A.A. Aguilar-Arevalo et al., PRL 103, 061802 (2009)
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Neutrino Antineutrino
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Use the CC rate measured at SciBooNE to constrain 

the MiniBooNE rate and test for disappearance

Two analysis methods:

arXiv: 1106.5685 (submitted to PRL)

Simultaneous fit

1) Fit SciBooNE and MiniBooNE data simultaneously 
for oscillation

2) Constraint applied within fit, effectively removes 
systematic uncertainties shared by both detectors

Spectrum fit 

1) Extract neutrino energy spectrum from SciBooNE
data    Phys.Rev.D83:012005,2011

2) Apply correction to MiniBooNE energy spectrum

3) Fit for oscillation at MiniBooNE

4) Systematics reduced by extraction process 

Joint  disappearance analysis underway,

taking advantage of neutrino-mode measurements...

m
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 MiniBooNE like detector at 200m

 Flux, cross section and optical model errors cancel in 
200m/500m ratio analysis

 Gain statistics quickly, already have far detector data

 Measure m->e & m->e oscillations and CP violation 

6.5e20 Far + 1e20 Near POT

Sensitivity

(Neutrinos)
Sensitivity

(Antineutrinos) 

10e20 Far + 1e20 Near POT

(LOI arXiv:0910.2698)
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 Much better sensitivity for 
m

& 
m

disappearance

 Look for CPT violation

6.5e20 Far/1e20 Near POT10e20 Far/1e20 Near POT
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 Electron Neutrino and Antineutrino Appearance
 Significant excesses above background in both neutrino and 

antineutrino mode at low energy.  With new data update, excess 

in antineutrino mode looks more like excess in neutrino mode.

 Antineutrino data are still consistent with LSND result; 

significance of oscillation signal relative to null is reduced.

 See also Georgia Karagiorgi’s talk from DPF 2011 for fits to 3+1 

and 3+2 models, and non-standard interactions.

 Muon Neutrino and Antineutrino Disappearance
 SciBooNE data used in joint neutrino-mode analysis .

 Joint analysis underway for anti-neutrino mode; also taking 

advantage of improved reconstructions in MiniBooNE.

 Ultimately, would like to have two identical detectors at different 

distances for SBL disappearance to cover region of interest.
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Backup slides
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• 3 independent, complementary 

measurements

 m+/m- angular distribution

 m- capture

 p- absorption (CC1p+ sample)
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 First measurement of neutrino contribution to anti-neutrino beam with 

non-magnetized detector: arxiv: 1102.1964 [hep-ex], submitted to Phys. Rev. D

(arXiv: 1107.5327)
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 Identify events using timing and hit topology 

 Use primarily Cherenkov light

 Can’t distinguish electron from photon
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Interactions in MiniBooNE

(neutrino mode):

(similar mix for antineutrino mode, 

except rate down by factor of 5)

QE
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Expected backgrounds

(6.46⋅1020 POT)

Every major source of background can 

be internally constrained by MiniBooNE
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J. Grange, NuInt11

Antineutrino

Cross Sections



Is the Neutrino Energy Estimated Correctly in CCQE? 
Amaro, et al, PHYSICAL REVIEW C 82, 044601 (2010)

Meson Exchange Diags. Correlation Diags.

56Fe, q=0.55GeV/c

One body RFG

2p-2h fin. sts.

Meson 

exchange

Correlation

Electron Scattering
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